We investigate the gender diversity-risk relationship from the perspective of equity holders. A naïve analysis shows a negative relationship between boardroom gender diversity and equity risk across firms. This cross-sectional relationship applies to both systematic and idiosyncratic risks. However, when we employ more sophisticated identification strategies to investigate the variation within the firm (using Two-Stage Least Squares with Fixed Effects and Dynamic Panel GMM) or the impact of female director appointments on risk measures (using Difference-in-Difference Matching Estimator) the negative relationship disappears. Although we find that the director appointment process is not gender neutral, this process cannot be explained by the firm's risk. Our results lead to the conclusion that the negative relationship between gender diversity and equity risk is driven by between-firm heterogeneous factors that influence both boardroom female representation and the firm's risk measures.
Introduction
In the past decade, there have been political and legislative movements that are motivating firms to embrace gender diversity on their boards of directors. The European Parliament, for example, has backed the European Commission's proposed law to improve the gender balance in Europe's company boardrooms, aiming for at least 40% female representation by 2020
1 . In the US, the Securities and Exchange Commission (SEC) adopted a rule that requires public companies to disclose whether their boards have a diversity policy and how it is being implemented 2 . There is also a US-wide campaign that asks firms to pledge 20% female participation on board by 2020 3 . This campaign seeks voluntary rather than mandatory progress, fostering social pressure for gender diversity from firms' stakeholders e.g. shareholders, employees and customers. An example is Twitter Incorporated, which filed for an Initial Public Offering in August 2013. The company came under fire in the media over its exclusively male board of directors 4 . Although the company's CEO responded to this criticism by saying that the director appointment process should be more than just "checking a box" 5 , the company appointed Marjorie Scardino as its first female director in December 2013. This example demonstrates that, even without a regulatory mandate, the disclosure requirements and the increased social pressure is likely to result in firms appointing more female directors over time, changing the demographic of boardrooms in the United States. As the gender composition of US boardrooms is still changing, the economic impact of having more female directors on boards is not yet well understood.
The movement towards a more gender-diverse board is partially due to the moral or social justification that the current demographic of board directors does not reflect that of the workforce or the population as a whole (Fairfax 2011) . It also results from the belief that boardroom diversity can positively affect firm value. One often-cited notion is that female directors can help curb excessive risk taking. Christine Lagarde, Managing Director of the International Monetary Fund and former Finance Minister of France, famously stated in an interview that the recent financial crisis might not have been as severe if it had been 'Lehman Sisters' instead of 'Lehman Brothers' 6 . Studies in economics and psychology often find women to have less appetite for risk than men (see for example Hinz et al. (1997) , Byrnes et al. (1999) and Barber and Odean (2001) ). However, few studies have been conducted to assess whether there is a relationship between female participation on the board of directors and firm risk. Without a clear understanding of this diversity-risk relationship, the drive for gender diversity may result in unintended consequences: if female directors do indeed affect firm risk, the embrace for boardroom gender diversity may alter the risk profile of firms in an unforeseen way. As such, the relationship between gender diversity and firm risk is a research question worth pursuing.
Using a comprehensive data set of 2,429 US firms from 1996-2012, this paper aims to test the gender diversity and risk relationship from the perspective of equity holders. Specifically, we ask the following questions: first, is there any link between equity risk and gender diversity? Second, if the link exists, does gender affect equity risk or is it equity risk that affects gender choices? Finally, what corporate risk-taking actions are affected by gender diversity?
We attempt to answer these questions using various identification techniques that are commonly used in the literature. Although we find a negative relationship between equity risk and female boardroom participation, we fail to conclude that increasing a firm's proportion of female directors is associated with lower equity risk. Neither do we find that the appointment of female directors has any impact on firm risk measures. In addition, although variation in female representation on boards of directors can be explained by past firm risk measures, these risk measures do not have any impact on the choice regarding the gender of a director being appointed (except total risk measure which is marginally significant at 10%). Therefore, it is likely that the discovered link between gender diversity and risk measures comes from the variation between firms and is driven by firm-level heterogeneity. As such, it is unlikely that increasing female boardroom participation will have any impact on a firm's risk profile.
The paper provides the following contributions to the literature. First, we show that, from the risk perspective, gender diversity does not have any economic impact on firm value, informing the hitherto inconclusive debate on the costs and benefits of boardroom gender diversity (see for example Adams and Ferreira (2009) and Carter et al. (2010) ). Second, we demonstrate that the director appointment process is not gender neutral even though a firm's risk profile has no impact on the gender of the appointed directors. Overall, we contribute to the larger debate of whether the demography of organizations matters (see, for example, Pelled et al. (1999) , Linck et al. (2008) , and Kaplan et al. (2012) ). We investigate this question at the board level and argue that a director's gender, as a demographic attribute, does not influence the level of firm risk. Nor can the level of firm risk determine the appointee's gender. In addition, we also illustrate the impact of endogeneity on the estimated relationship between gender diversity and firm risk by showing that the negative relationship between diversity and risk is largely driven by the variation between firms. We also note that this is the first study that empirically tests the relationship between gender diversity and corporate risk-taking policies.
The rest of the paper is structured as follows. Section 2 discusses the relevant literature; Section 3 discusses methodological issues; and Section 4 discusses our hypotheses. The details of our sample and univariate analysis are presented in Section 5. The results are discussed in Sections 6-9 and Section 10 concludes the paper.
Literature review
Return and risk can be seen as two sides of the same coin. Firms engage in risky projects with positive Net Present Values in order to generate returns for shareholders. As firm value can be viewed as the sum of future cash flows discounted by appropriate rates of required return to account for risk, it is appropriate that both risk and return are considered together by managers. Agency theory suggests that managers are risk averse due to concerns about their own personal welfare (Fama 1980; Holmström 1999 ) and the literature investigates how managers can be induced to make risky choices through various corporate governance mechanisms. These mechanisms include both external mechanisms such as monitoring from debt holders and institutional shareholders as well as internal mechanisms such as remuneration (see, for example, Wright et al. (1996) , Leland (1998) and Coles et al. (2006) ). One mechanism believed to have impact on risk is the influence of the board of directors.
Board characteristics and firm risk-taking behavior
Studies have tried to identify the influence of board characteristics on corporate risk. The most prominent pattern that emerges in the empirical literature is that smaller boards are associated with riskier behaviors. Cheng (2008) finds that firms with smaller boards have higher performance variability, accounting accruals and participation in merger and acquisition. Pathan (2009) and Nakano and Nguyen (2012) find a negative relationship between board size and stock return volatility. Wang (2012) finds that smaller boards tend to use executive remuneration to induce risk. In addition, he finds that firms with smaller boards exhibit larger R&D expenditures, lower capital expenditure, lower leverage and higher future firm risk. Overall, existing studies have found that board matters in term of risk-taking decisions. However, the directors in these studies are treated as though they are the same while they are actually different as individuals. Corporate boards comprise people with different characteristics such as gender, ethnicity, qualifications, personalities and beliefs. These variations in characteristics, gender in particular, may be able to explain the difference in risk-taking choices amongst these firms.
Can female directors affect a firm's risk?
At the individual level, studies in both psychology and economic literature find that women tend to be more averse to risk. In a meta-analysis of 150 studies on risk-taking behaviors, it was observed that men are more likely to be involved in "risky experiments", "intellectual risk taking" and "gambling" than women (Byrnes et al. 1999) . In experimental settings, men exhibit a greater tendency to make risky choices than women. For example, women are found to be more risk averse in experiments using lotteries with known probabilities and monetary outcomes (Levin et al. 1988; Powell & Ansic 1997; Fehr-Duda et al. 2006) . It is also found that women are more conservative in making investment decisions (Sunden & Surette 1998; Bernasek & Shwiff 2001) . Croson and Gneezy (2009) provide a good overview of literature in this area. However, these studies investigate the risk attitude of women in the population. Female directors may possess different characteristics that have helped them to climb the corporate ladder and become directors. Adams and Funk (2012) hypothesize that the degree of risk aversion in women may vanish when they have broken through the glass ceiling in order to adapt themselves to a male-dominated culture. In a Swedish sample, they find that female directors are more risk loving than their male counterparts. Nonetheless, provided that there are differences in risk attitude between genders, it is possible that the gender composition of the board, as a characteristic, may be able to explain the variation in corporate risk-taking behaviors.
At the board level, the interaction between directors of different genders may also impact decisions. On the one hand, board diversity may result in better quality of discussions which may lead to better decision making (Burgess & Tharenou 2002; Kang et al. 2007 ). On the other hand, diversity of director characteristics may lead to conflicts and as a result consensus may take longer. The risk implications of this interaction are difficult to gauge. Better quality discussion can potentially lead to lower firm risk given the same level of return whilst risk may increase if it is more time consuming for directors to reach decisions (Adams & Ragunathan 2013).
Empirical studies on board gender diversity
There are limited studies as to the impact of female representation on boards of directors on firms' risk-taking behaviors. Wilson and Altanlar (2011) find the chance of insolvency to be negatively related to the proportion of female directors. Berger et al. (2012) find that an increase in the proportion of female bank directors after a mandatory executive retirement results in increased portfolio risk. Levi et al. (2013) find that firms with male-dominated boards are more likely to participate in merger and acquisition activities and pay higher acquisition premiums. Levi et al. attribute these results to the tendency of female directors to be less overconfident than their male counterparts.
The majority of research in the area of gender diversity on boards of directors focuses on corporate performance and, so far, there is no consensus in the literature on the relationship between female representation and a firm's prospects. Some studies find that board diversity leads to better performance (Carter et al. 2003; Campbell & Minguez-Vera 2008) while others find no such relationship (e.g. Erhardt et al. (2003) , Carter et al. (2010) and Rose (2007) ). Adams and Ferreira (2009) find that the parameter estimates are very sensitive to the way endogeneity is handled. Nonetheless, they find that female directors are better at monitoring function. These findings can be viewed from the perspective of gender overconfidence bias: female directors may monitor more because they are more comfortable with decision making when there is sufficient relevant information.
Another strand of literature looks at the determinants of directors' gender and a firm's risk is found to be one of these determinants. Adams and Ferreira (2004) find that firms with more volatile stock returns tend to have fewer female directors on their board. The authors explain these results using the argument of Kanter (1977) that group homogeneity (i.e. male dominated) is essential in environments where uncertainty is high. This is consistent with Hillman et al. (2007) who find that the likelihood of a firm having female directors is higher in firms with lower stock return risk. Similarly, Farrell and Hersch (2005) find that the propensity of female director appointment is negatively related to low stock return volatility. They also find that female directors are more likely to be appointed on boards with fewer female directors or when the appointment follows female director departures. Gregory-Smith et al. (2012) investigate the gender of directors being appointed in the UK and find similar results. However, they cannot establish any relation between firm's risk and gender of directors being appointed. Overall, these results suggest that a director's gender or the proportion of female directors on boards are not exogenous random variables, and that reverse causality is likely an issue when investigating the impact of gender diversity.
3 Endogeneity on board studies and econometric methods Hermalin and Weisbach (2003) explain two key issues regarding empirical studies on the board of directors. The first issue is the interpretation of the results. When a significant correlation is found in the data, it can be interpreted as either a causal outof-equilibrium phenomenon or a spurious equilibrium phenomenon. To illustrate these phenomena we refer to the relationship between the proportion of female directors and a firm's risk measures. With the out-of-equilibrium interpretation, a negative relationship between the proportion of female directors and risk means that adding more female directors to the board will decrease, on average, a firm's risk, whereas the equilibrium interpretation suggests that both measures are driven by other factors in order to achieve an equilibrium. The latter is consistent with a number of studies, which argue that board gender diversity may already be optimized according to the firm's resource dependency or supervision needs (see for example Westphal (1999) and Hillman et al. (2000) ). Thus, there is no causal relationship under this interpretation.
The second issue is that almost all variables used in such studies are endogenous. To measure whether board characteristics such as gender composition affect risk measures, researchers have to take into account the fact that risk measures could also affect gender composition. Furthermore, both sets of variables could be influenced by past risk measures as well as other board and firm characteristics, some of which cannot be measured and are therefore often omitted. Studies such as Carter et al. (2003) and Carter et al. (2010) 7 deal with these problems by using the fixed-effects estimator or simultaneous equations techniques such as two-stage or three-stage least squares with lagged variables as instruments. However, the fixed effects estimator only yields consistent estimates when the residuals and the regressors are independent across time periods. Similarly, simultaneous equation techniques provide accurate results only when the lagged variables in the first-stage equation are uncorrelated with the residuals in the main equation. This is unlikely to be the case in board studies where both dependent and independent variables are influenced by their past values. This issue is discussed in great detail by Wintoki et al. (2012) . Adams and Ferreira (2009) attempt to mitigate this issue by using female connection of male directors as an exogenous instrument variable. However, the fact that all other board and firm characteristics are also endogenous means that they can also affect the coefficient estimates. Wintoki et al. (2012) propose dynamic panel GMM as a way to consistently estimate the relationship between board characteristics and performance measures. Berger et al. (2012) investigate directly into the appointment process and use the matching difference-in-difference estimator to measure the impact of new director appointments on bank risks.
Hypothesis development
We model the relationship between gender diversity and firms' risk measures according to the diagram depicted in Figure 1 .
[ Figure 1 about here]
If gender diversity matters in regards to risk-related corporate decisions, the impact of those decisions should be reflected in stock price. As prior evidence is inconclusive, we state all the hypotheses in the null form. The first hypothesis is as follows.
Female boardroom representation has no impact on equity risk measures.
To test this null hypothesis, we explore various risk measures based on the perspective of equity holders: total risk, systematic risk and idiosyncratic risk. These key risk measures and how they are constructed is explained in Section 5.
Both theoretical and empirical evidence suggests that a firm's risk may also impact the gender of the directors being appointed. This bi-directional relationship can affect the reliability of the estimations as it means that the gender variable is endogenous through reverse causality. Therefore, the results from this investigation do not only allow us to better understand the relationship between gender diversity and risk, but they also allow us to check the reliability of the inference we made in regards to the first hypothesis. The investigation is done on both the impact of a firm's risk measures on female board representation and the impact of risk on the actual appointment process. The two null hypotheses are as follows.
Equity risk does not have any impact on female representation on the board.
Equity risk does not have any impact on the gender of the director being appointed.
Next we investigate the potential channels on which female directors may have an influence. The first channel is compensation structure, which can be used to incentivize managers to increase corporate risk. The second channel is based on the control function of corporate boards. If female directors have a different level of risk appetite compared to male directors, boards with more female representation may act differently in terms of project approvals and overseeing of risk-taking policies. Hence, we test for two further hypotheses.
Female boardroom representation has no impact on CEO compensation.
Female boardroom representation has no impact on corporate risk-taking policy.
We use the sensitivity of CEO remuneration package to the risk of firm's equity to measure CEO's incentives to take risk. Corporate risk-taking policy is measured through various proxies, including investment policy in terms of research and development expenditures and investment in plants, properties and equipment. We also look at corporate leverage and diversification policies. The description of these variables is presented in the data section.
Data, description of variables and univariate analysis
We obtain 18,395 observations (firm-years) of 2,429 firms between 1996-2012 from the following data sources. To construct board-level variables, we obtain directorlevel data from the RiskMetrics database, which covers Standard & Poor's (S&P) 500, S&P MidCaps and S&P SmallCap firms. We obtain financial accounting information from the S&P Capital IQ Compustat database. The variables concerning the chief executive officers (CEOs) and their remuneration are obtained from the Execucomp database. Risk measures are calculated from stock price data obtained from the Center for Research in Security Prices (CRSP). Following prior literature, financial service and utility firms are excluded from our sample.
[ Table 1 about here]
The descriptive statistics in Table 1 reveal that about 61% of observations in our sample have at least one female director. The key variable that measures gender diversity (%FemaleDir) is defined as the number of female directors divided by the number of all directors. On average, 10% of directors in a firm are female. An average board consists of nine directors (BoardSize) in which 69% are independent directors (%BoardIndep) 8 .
Firm characteristics are calculated from financial accounting variables obtained from the S&P Capital IQ Compustat database to serve as proxies for firm risk-taking behaviors and control variables. R&D is measured as the research and development expenditure adjusted by the book value of total assets. As in other studies, R&D is set to zero when the value is missing from Compustat. CapEx is capital expenditure net of sales of property, plant and equipment and divided by total assets. Leverage is the total book value of debt divided by total assets. To proxy for the level of firm diversification, we use firm's number of business segments (#Segments) and the Herfindahl-Hirschman Index, which is the sum of squared segment sales divided by the square of total sales. Profitability is measured as the return on total assets (ROA). We proxy for growth opportunity and size using the market-to-book ratio (MTB) and TotalAssets respectively.
We use three variables to measure for equity risk: total risk (TotalRisk), systematic risk (SysRisk) and idiosyncratic risk (IdioRisk). TotalRisk is calculated as the standard deviation of daily stock returns. SysRisk is the coefficient of the stock market portfolio from a market-model regression. CRSP NYSE/AMEX/Nasdaq/Arca Equally-weighted Index is used as a proxy for the stock market portfolio. IdioRisk is the standard deviation of the residuals from the market model regression. Returns excluding dividends are used for these calculations. To annualize total and idiosyncratic standard deviations, we multiply TotalRisk and IdioRisk by a square root of 250.
We also obtain variables concerning CEO characteristics and compensation. Vega is the dollar change in CEO compensation per 0.01 unit increase in firm's stock return standard deviation. Delta is defined as the dollar change in compensation per 1% increase in stock return. These two measures proxy for take risk and generate value respectively. To proxy for CEO power, we also collect the dollar amount of their cash compensation (CashComp) and tenure (CEOTenure).
[ Table 2 about here]
In Table 2 , we tabulate the mean of board and firm characteristics by number of female directors. The majority of the firms in our sample (94.83%) have no more than two female directors. It appears in the cross-section that firms with greater numbers of female directors tend to be larger in terms of total assets and tend to be more diversified. More female directors are appointed in larger and more independent boards. All three measures of risk are lower in firm-years with more female directors.
To evaluate whether the difference in risk measures are statistically significant, we conduct a two-sample t test with unequal variances between the risk measures of firms with different numbers of female directors. The results (untabulated) reveal that one additional female director tends to result in lower risk although the effect generally decreases in both magnitude and statistical significance with the number of female directors already on the board. On average, firms with at least one female director tend to have lower total, systematic and idiosyncratic risks compared to those firms without any female director. These results show a monotonic inverse relation between female boardroom representation and all three risk measures. However, these relations may be driven by other board and firm characteristics.
The relationship between gender diversity and equity risk measures
If gender matters, the variation in gender diversity should explain the variation of a firm's risk measures (Hypothesis 1). We thus estimate the following equation:
The vector Risk i,t represents TotalRisk, SysRisk and IdioRisk. CONTROL i,t is a matrix of control variables, which include board characteristics, CEO characteristics and firm characteristics. Board characteristics include BoardSize and the proportion of independent directors (%IndepDir). Vega and delta are introduced to the extended model to control for CEO compensation structure. CEOTenure and CashComp are included to control for CEO power. It is expected that the CEO becomes more risk averse as she stays longer on the post and has more cash as a part of her compensation. Firm characteristics include Ln(TotalAssets), MTB, R&D, CapEx and Leverage. We assume that board variables are observed at the beginning of the period whilst other variables are recorded at the end of the period; thus, the relationship is modeled as contemporaneous 9
. To account for the industry effect and time variation within the sample, we include dummy variables for industries and time periods.
[ Table 3 about here]
The results displayed in Table 3 show significant and negative relationships between the proportion of female directors (%FemaleDir) and the firm's volatility as well as both its systematic and idiosyncratic components. The results are similar as we control for CEO compensation and degree of risk aversion in Models 2, 4 and 6. Looking at the control variables, it is found that returns of firms with a smaller board also tend to be less volatile, which is consistent with Wang (2012) . Larger firms tend to have lower idiosyncratic risk. The results in this table confirm the findings from the univariate analysis i.e. that firms with a higher proportion of female directors on their board tend to be less risky. Despite the statistical significance, the economic impact appears modest. A 10% increase in female boardroom representation is associated with approximately 2% decrease in return standard deviation, 0.5 unit decrease in market model beta and 1.8% decrease in idiosyncratic risk measure.
The impact of risk on gender diversity
Given that reverse causality is an issue when estimating the impact of gender diversity on a firm's risk and that theoretical work such as Kanter (1977) suggests that a firm's risk may influence female boardroom participation, it is important to test whether corporate risk measures have any impact on board gender diversity (Hypothesis 2). This hypothesis is tested in two ways. First, we estimate the following model using pooled OLS with industry and year fixed effects.
The matrix RISK i,t represents the risk measures. Two specifications of this model are estimated. The first specification employs total risk as the key explanatory variables whereas the other specification employs its two components, systematic and idiosyncratic risks. Control variables in CONTROL i,t include various board characteristics and firm characteristics. We also control for equity returns (Return) and female connection of male directors on board (%FemaleConnection). All explanatory variables are lagged by one period.
Second, we investigate the impact of risk on the actual appointment process through Probit regression using a dummy variable F_Appointed as the dependent variable. This dummy variable takes a value of one when a female director is appointed and is equal to zero when the appointed director is male. The sample is limited to those firmyear where at least one director is appointed.
Here the probability of female director appointment is modeled as normally distributed. The cumulative probability (denoted by !) can be explained by risk measures RISK i,t and a set of control variables which include board and firm characteristics. We also include the proportion of female directors in the previous period and two additional dummy variables as control variables -FemaleDeparture and MaleDeparture. FemaleDeparture (MaleDeparture) is equal to 1 when at least one female (male) director depart the firm in that period. Equity returns and %FemaleConnection are also included in these models.
[ Table 4 about here]
The results for both OLS and Probit estimates are tabulated in Table 4 . The OLS results in Columns 1-2 suggest that a firm's total risk measures in the previous period can explain the variation of female representation on the board and it is firms with lower systematic risk that tend to have more female directors. It is also found that there are positive links between female representation and board size and independence, which is consistent with our univariate analysis. Even after controlling for board size, large firms tend to have more female directors.
When looking at the actual appointment process, we still find a negative relation between total risk measure and the probability of female director appointment. However, the relationship is much weaker (only significant at 10% level). In addition, we cannot detect any statistically significant link between the risk components (systematic and idiosyncratic risk measures) and the gender outcome. Nonetheless, these results indicate that we cannot rule out the presence of reverse causality when investigating the impact of female boardroom participation on corporate risk. It is also important to note that the coefficients for board size and the proportion of independent directors are not significant in the Probit estimates; thus, we cannot conclude that these past board characteristics have any influence on appointment decisions. The significant coefficients found in the OLS results are likely to be due to these board characteristics being simultaneously influenced by other factors rather than the presence of causal relationship between these variables.
In this set of results, we also find some evidence of gender bias in director appointment process, which confirms prior evidence from Gregory-Smith et al. (2012) and Farrell and Hersch (2005) . Firms are more likely to appoint female directors when other female directors depart the board in the previous period and that female directors are less likely to be appointed if there are already a large proportion of female directors on the board. The statistical significance of %FemaleConnection suggests that networking plays a role in the probability of board appointments for female directors. Overall, our results show that board appointment is not gender neutral and thus show some evidence of tokenism.
Female boardroom representation and risk variation within the firm
It is possible that the negative relationship found in our OLS results are driven by the endogenous relationship between risk measures and boardroom female representation. OLS utilizes both variations within and between the firms to identify its estimates under the assumption that both sets of variations are not correlated with the independent variables. Although we control for heterogeneity across industries and time periods, there may exist other variations between firms that influence both proportion of female directors on board and firm's risk, in which case the OLS estimates become inconsistent. An example is the influence of large shareholders. These large shareholders may sway the firm towards having a more conservative investment policy and at the same time put in place more female directors due to the belief that they are better at monitoring. It is also plausible that firms choose their level of gender diversity based on risk. Therefore, we revisit Hypothesis 1 using the fixed-effects estimator
The fixed-effects estimator (or the within estimator) exploits only within-firm variation to estimate the parameters. Intuitively, if the relation is not caused by differences between firms that are not controlled for, the change in board characteristics should be significantly related to the change in risk measures within the firm. To alleviate the concern of reverse causality, we rely on an exogenous instrumental variable that is commonly used in the literature, which is the proportion of male directors who sit on other boards on which there are female directors (%FemaleConnection). This instrumental variable is first introduced in Adams and Ferreira (2009) and has since been employed in many boardroom gender diversity studies including Gregory-Smith et al. (2012) , Levi et al. (2013) and Upadhyay and Zeng (2014) . For an instrumental variable to be valid, it must satisfy both exogeneity and identification assumptions; that is, it must not be correlated with the residual term (the part of risk measures that is not explained by any of the independent variables) at the same time can explain the variation in the endogeneous variable (which is %FemaleDir in this case). Adams and Ferreira suggest that their instrument is suitable based on the social connection argument; that is, if male directors on the board know more female directors, there is a higher likelihood that more female directors will be appointed. Thus, the identification assumption is satisfied. Although %FemaleConnection can be a proxy for industry effect and overall connectedness of the board, Adams and Ferreira mitigate these concerns by combining 2SLS with Fixed Effects Estimator and check for robustness by including the total number of external board seats (#ExtSeats) and total number of male external board seats (#MaleExtSeats) into the model. Through fixed effects and two-stage least squares with fixed effects, we obtain different results and we find some evidence that leads us to conclude that %FemaleConnection is not an adequate instrument when it is used to estimate the risk-gender relation.
[ Table 5 about here]
In Table 5 , we re-estimate Equation 1 using the fixed effects (FE) estimator (Columns 1-3) and two-stage least squares estimator with fixed effects (2SLS/FE) (Columns 4-6). The FE results show no statistically significant relationship between the proportion of female directors on board and any of the risk measures. To explain why the results differ to those from OLS estimation, we calculate the Hansen statistics to compare the estimations based on fixed effects and those based on random effects. The null hypothesis is that the random effects model, which uses both variations within and between firms, estimates the same set of parameters as the fixed effects model, which uses only variation within the firms. This is similar to the Durbin-Wu-Hausman specification test but is robust under heteroskedasticity. This null hypothesis is rejected in all three cases, suggesting that within-firm variations and between-firm variations produce statistically different sets of coefficient estimates. This leads us to conclude that the negative relationship found in the OLS results is driven by other heterogeneous factors between firms.
The 2SLS/FE results on the other hand show a negative relationship between female representation and systematic risk. If we assume that the instrumental variable is truly exogenous, we would conclude that the 2SLS/FE results are more reliable as both unobserved heterogeneity and reverse causality are controlled for. We check for the strength of identification by calculating the Kliebergen-Paap Wald statistic and obtain the value of 6.838, which reveals that the instrument is weak (it is only marginally higher than the 20% critical value of 6.66). In addition, we do not control for overall connectedness of the board and thus the instrument could still be correlated with the residuals. We therefore re-estimate the equation and include the proxy for overall connectedness into the model.
[ Table 6 about here]
We control for overall connectedness of the board through two variables, total number of external board seats (#ExtSeats) and total number of external board seats held by male directors (#MaleExtSeats). These two measures are highly correlated with a correlation coefficient of 0.96. Surprisingly, we find that using these two similar proxies of board connectedness lead to two different conclusions. The results are tabulated in Table 6 . On one hand, when we use #ExtSeats (Columns 1-4) we do not find any significant relationship between female representation and risk measures and the Kleibergan-Papp statistic suggests that the instrument is weak. On the other hand, we find that the instrument is very strong (Kleibergen-Papp statistic equals to 88.78 compared to the 10% critical value of 16.38) and that the relationship is significantly negative when we use #MaleExtSeats as a proxy for board connectedness (Columns 5-8). Although the coefficients for %FemaleDir are not significant in Columns 2-4, they are negative and very large in magnitude, suggesting that the estimator has a negative bias in finite sample 10 , which is in the same direction as the bias in our OLS results. Thus, even if the instrument was exogenous, these results cannot be relied upon. Moreover, finding that the strength of the instrumental variable depends on the included variable casts further doubts on whether the instrument is valid. These findings motive us to conduct futher tests in regards to the exogeneity of the instrument.
The fixed effect estimator relies on the strict exogeneity assumption; that is, the exogenous variable must not be correlated with the residuals in both the contemporaneous period and any other period. Therefore, to check whether the instrument satisfies the strict exogenity assumption, we conduct a test of strict exogeneity according to Wooldridge (2010) . Intuitively, if a variable is strictly exogenous, its future values should not be correlated with the residuals from the fixed effect estimation. This effectively rules out feedback from risk to future values of the "exogenous" variable. Therefore, we use FE to estimate the following model.
Here, z !,!!! represents the future value of the variable we suspect to be endogenous. The results (displayed in Table 7) show that the residuals from the Fixed Effect regression can explain the future value of %FemaleConnection and thus verify our suspicion that the instrumental variable is endogenous
11
. Surprisingly, we find no evidence that the future proportion of female directors on board can be explained by the current value of risk measures after controlling for the current value of board and firm characteristics; thus, if all the other explanatory variables are exogeneous then the fixed effect results are reliable and there is no relationship between female boardroom representation and risk measures. However, we also find that board size is not a strictly exogenous variable as past values of risk can influence current value of board structure. Theoretical work suggests there are factors that can be driven by past performance and in turn can influence the optimal board structure (see for example, Raheja (2005) and Harris and Raviv (2008) ). These factors include the level of communication among board members and firm's profit potential. Wintoki et al. (2012) shows the impact of this dynamic two-way causality on the estimated relation between board structure and firm performance. As firms choose projects according to their net present value, firm performance is then evaluated based not only on profitability but also on risk. Thus, the same argument for the dynamic relation between board structure and profitability can be applied to this case where the effect of board structure on risk is evaluated. Not only does this dynamic relation affect board characteristics, it can also affect other control variables 12 . Fama and Jensen (1982) suggest that characteristics of organizations contribute to their survival, implying that firms adjust their characteristics to optimize their values in order to survive. The signals used to optimize future values would be from past values which are influenced by both their past profitability and past risk. Thus, firm characteristics such as size and leverage can also be considered endogenous. Therefore, treating the control variables as if they are exogenous means that the estimated coefficients, including the coefficient for %FemaleDir, are inconsistent.
[ Table 7 about here] Dynamic Panel GMM estimator treats all dependent variables as endogenous and uses their lags as instrument variables. This methodology is developed over a series of studies including Anderson and Hsiao (1982) , Holtz-Eakin et al. (1988) and Arellano and Bond (1991) . The variant implemented here is suggested by Arellano and Bover (1995) and Blundell and Bond (1998) . Past values of risk measures are included in the model to reduce their impact on the coefficient estimates. Intuitively, if past risk measures can affect their current values as well as current values of board and firm characteristics, then these past values belong in the model. The effect of other timeinvariant heterogeneity is removed through first differencing; then, all independent variables are treated as endogenous and the past values of these independent variables beyond included lags are used as instrument variables. As first differencing can reduce the variation in all the variables, cause weak identification problem and amplify the measurement errors, we employs the dynamic panel system GMM estimation by simultaneously estimate the model both in first-differences and in levels. Lagged variables at levels are used as instrumental variables in the differenced equation whereas lagged differenced variables are used as instruments in the level equation (These issues are discussed in Griliches and Hausman (1986) The results from the dynamic panel system GMM estimation are reported in Table 8 . There is no evidence in this table that supports the notion that the presence of female directors reduces equity risk. The coefficients are also much smaller in magnitude compared to prior estimations. In this table we also report two sets of specification tests. First, we test for first and second order serial correlations in the residuals from the differenced equation. We fail to reject the null hypothesis of no second order serial correlation for all models. The second test is Hansen test for overidentifying restriction. The null hypothesis is that all instrument variables are jointly exogenous. We reject this null hypothesis for the models in which CEO characteristics are not controlled for (models 1, 3 and 5) whereas in models 2, 4 and 6 we find no evidence that the exogeneity assumption is violated. Therefore, the results are more reliable when we control for CEO remuneration sensitivity, tenure and cash compensation. Nonetheless, the estimated coefficients from both sets of estimations are similar and, in particular, we can confirm that, after controlling for heterogeneity between firms, the negative relationship is driven by the instrument and thus is likely to be spurious.
[ Table 8 about here]
Alternative Identification Strategy -DID Matching Estimator
There is a possibility that the failure to detect any relationship gender-risk relationship is due to the proportion of female directors on board not being an appropriate measure. Figure 2 shows a line plot of proportion of female directors on board over time. Here we observe that the changes in female boardroom representation come from two sources of variation. First is the increase in number of female directors on board and second is the decrease in overall board size. It is evident that an average board decreases in size at a faster rate than the increment in the number of female directors. This phenomenon can also be illustrated in Figure 3 , which plots the percentage of firms that changes their board size, number of female directors and proportion of female directors over time. What can be observed here is that the change in the proportion of female directors on board is mainly driven by the change in board size whereas the addition and termination of female directors constitute changes of about 10% of firms each year. Therefore, in this section we explore an alternative identification strategy, a difference-in-difference matching estimator.
The difference-in-difference matching estimator (DDM) is a combination of the difference-in-difference estimator (DID) and the matching estimator. DID exploits the "parallel trends" assumption; that is, two similar firms are likely to follow the same change without any treatment. Therefore, if the treatment has any impact on the outcome, the impact should be reflected in the difference between the changes of the two firms (Roberts & Whited 2011) . The DID estimator can be implemented by estimating the following equation.
where FemaleAppointed i,t is a dummy variable which takes the value of one when the firm is in the treatment group and zero when the firm is in the control group. Another dummy variable, post i,t , takes the value of zero in the time period before the treatment and one in the post-treatment period. Other board, firm and CEO characteristics are also included as control variables.
Often, change in board structure reflects other changes in the organization such as corporate restructuring, merger and acquisition, or a large shift in strategy. All these changes are likely to have impact on corporate risk. Therefore, we carefully select our treatment group such that it contains only 'exogenous' changes in board gender composition. To be included in the treatment group, the firm must only appoint one female director in that year to replace a departing male director. In addition, we require that the departing director must be older than 60 years. With these stringent criteria, we are able to identify 180 exogenous female director appointments for our treatment group. These are matched with the control observations, which are firms that do not experience any change in board composition (these firms do not appoint any new director nor do they have any director departing their boards in the treatment year). Our matching criteria require that the firms must be in the same industry and year. Additionally, their size, as measured by the level of TotalAssets must be within 10% of those of the treatment observations. We are able to match 130 observations in the treatment group with those in the control group. According to the results in Table  9 , we find that the average difference in risk measures across two periods of firms with female directors appointments is not statistically different from those of firms that do not experience any change in board structure (we fail to reject the null hypothesis that the coefficients for FemaleAppointed!×Treated are statistically different from zero).
[ Table 9 about here]
Overall, although we find in the sample that on average firms with a larger proportion of female directors on board have lower equity risk measures, the empirical evidence does not lend any support to the notion that a more gender-balanced board leads to lower firm risk. However, the risk measures employed so far in this study are based on stock price information. It is possible that investors do not perceive the variation in gender diversity to have any impact on stock price and thus no linkage can be established. These risk measures, similar to firm performance measures, are also functions of many other factors than board, CEO and firm characteristics. The relationship, even if it exists, may be difficult to detect (Hermalin & Weisbach 2003) . The limitations of stock price information as a proxy for risk motivate us to consider corporate risk-taking actions that are reflected in accounting information.
Gender diversity, CEO incentives and firm's risk-taking policy
Although there is no evidence in the data that links boardroom gender diversity to equity risk, the gender difference in risk appetite may be reflected at the policy level. That is, a more gender-balanced board may act differently from a male-dominated board in terms of risk-taking behaviors that cannot be detected in stock volatility. Therefore, we explore various corporate risk-taking policies and investigate their relationship to boardroom gender diversity.
One function of the board is to set the remuneration structure to align CEO's incentives with the company's goals, which involves the level of risk appetite. If female CEOs are different from male CEOs in term of risk-taking behaviors, the effect may be revealed in the compensation structure. Therefore, we investigate the link between gender diversity and CEO incentives (Hypothesis 4). The relation is estimated through the following equation.
CEO incentives are proxied by Ln(1+Vega) and Ln(1+Delta), which measure the sensitivity of compensation to the outcomes. Delta measures the sensitivity of compensation to the value-generating outcome (change in compensation per 1% increase in stock return) whereas vega measures the sensitivity of compensation to risk taking (change in compensation per 0.01 unit increase in stock return standard deviation). We also investigate the ratio of vega and delta which can be interpreted as the trade-off between risk-taking incentives and value-generating incentives. The control variables include board size, board independence, CEO tenure, CEO interlock, firm size, market-to-book ratio, return on asset and total risk. We hypothesize that incentives are set at the beginning of the period; therefore, all explanatory variables enter the equation as lags. We also investigate the relation between gender diversity and various corporate risk-taking policies (Hypothesis 5). This is equivalent to estimating the following equation.
Three sets of risk-taking policies are investigated: investment, debt and diversification policies. The more firms invest in research and development (R&D), the more they are considered risky, particularly when they also have lower investment in properties, plants and equipment (CapEx). Having high leverage is also considered a risky behavior. Leverage is measured by debt-to-equity ratio. Lastly, a narrow range of revenue sources means a firm's turnover is likely to be more sensitive to economic conditions. Thus, more diversified firms are considered less risky. We use the logarithm of the number of business segments, Ln(#Segments), and the HerfindahlHirschman Index of revenue concentration to measure the degree of diversification.
Control variables for these estimation closely follow prior literature (see for example Coles et al. (2006) ).
[ Table 10 about here]
The results are shown in Table 10 . In Columns 1-2, we cannot reject the null hypothesis that there is no relationship between value generating component (Delta) or risk inducing component (Vega) of the CEO compensation (Hypothesis 4). We also explore the relationship between CEO compensation and the proportion of female directors on compensation committee and find no evidence that female representation can affect compensation.
The rest of Table 10 shows the estimated relation between gender diversity and various risk-taking policy meaures. Female boardroom representation cannot explain the variation in any risk-taking policy apart from the level of capital expenditure. The coefficient for %FemaleDir is 0.062, which is modest -a 10% increase in female representation is associated with 0.62% decrease in the proportion of capital expenditure scaled by total assets. As the average level of capital expenditure is 11%, this translates to approximately 5% increase in the level of capital expenditure. Overall, female boardroom representation does not appear to have much impact on corporate risk taking behaviours.
Robustness
For OLS and Fixed Effects specifications (Table 3 and Columns 1-3 of Table 5 ), we replace the proportion of female directors variable (%FemaleDir) with two variables, proportion of female executive directors and proportion of female non-executive directors, as the former group is also involved in managing the firm and thus has a different principal-agent relationship from the latter. We only find a significant and negative relationship between risk measures and the proportion of female nonexecutive directors. However, this relationship also disappears when estimated using Fixed Effects.
As the results from DDM estimator (Table 9) can be sensitive to how the observations are matched, we explore alternative matching criteria and matching distance. In addition to size, industry and year, we match the treatment observations with those which also have similar risk profiles (as measured by total return standard deviation or market model beta). We also adjust matching distance to 20% and 5%, instead of 10% in Table 9 . Another matching method employed is Propensity Score Matching (PSM). We match firms in the treatment groups with those that have the same propensity to appoint a female director but instead appoint a male director. The propensity of female being appointed is estimated as per Models 3 and 4 on Table 4 . The matching distances employed for PSM is 2%, 1% and 0.05%. All specifications confirm our results that female director appointment has no impact on corporate risk measures.
In Columns 1-2 of Table 10 , we obtain the same findings using Delta and Vega instead of Ln(1+Delta) and Ln(1+Vega). Using the proportion of female directors on the compensation committee instead of the whole board also leads to the same conclusion.
Conclusion, policy discussion and limitations
Similar to those in other countries, US firms are under pressure, both regulatory and social, to embrace gender diversity in the boardroom. Although there is no mandatory gender quota, the SEC disclosure rule and pressure from stakeholders is likely to lead to US firms appointing more female directors over time. As the level of female participation on boards of directors increases, the current literature provides only limited and inconsistent evidence regarding the potential economic impact that higher female representation might bring to the firm. Drawing in 17 years of data of more than 2,000 firms, our study contributes to the debate by investigating the relationship between boardroom gender diversity and corporate equity risk. Our results show that although firms with more female directors tend to have lower equity risk, there is no robust evidence in the data that can lead to the conclusion that gender diversity influences a firm's equity risk or vice versa. The negative relationship disappears when we investigate the variation within the firm or when we evaluate the impact of female director appointment on risk measures. In addition, firm policies that concern risk taking are largely not affected by female boardroom representation. It is likely that the discovered relationship between gender diversity and risk through the Pooled OLS estimator is driven by other heterogeneous firm-specific factors that influence both gender composition of the board and the firm's risk measures, and that what is observed in the data may be the equilibrium state of gender diversity and risk as suggested by Hermalin and Weisbach (2003) . In addition, like most of the studies, we only look at a limit range of government mechanisms, it is possible that the increase (decrease) of female boardroom representation as a monitoring mechanism may lead to a decrease (increase) in other mechanisms and thus we do not observe a change in outcomes.
The advocacy for gender diversity on corporate boards is driven by a sense of both fairness and good business. The lack of strong evidence on the relationship between gender diversity and risk does not mean that gender diversity in itself is not desirable. The evidence found in our results, as well as in those of Farrell and Hersch (2005) and Gregory-Smith et al. (2012) , suggests the existence of gender discrimination in the director appointment process and this issue is potentially more appropriate as the area of focus for policymakers. However, a clear link between gender diversity and risk, similar to performance, cannot be established. As a result, it cannot be concluded with confidence that regulating female representation on corporate boards will affect firms' level of risk. Our results, combined with recent findings on genderperformance relation, mean there is no clear evidence on the link between gender diversity and firm value. However, we cannot reject the notion that firm's existing board characteristics are already optimal considering firm's internal and external environments. As such, regulations in the form of a diversity quota could lead to deviation from optimality and may cause an adverse impact on a firm's value, as shown by Ahern and Dittmar (2012) . If this was the case, we argue that regulations around diversity disclosure and diversity demand from stakeholders, as implemented in the United States, are more appropriate as vehicles to encourage firms to bring gender diversity to their boardrooms.
This study only investigates the diversity-risk relationship from the perspective of equity holders; in particular, we look at risk in equity returns and corporate risk-taking actions. Gender diversity may impact corporate risk in other ways. One obvious area for future research is to look at risk concerning other stakeholders such as debt holders or taxpayers. It is also imperative to investigate the interaction between board diversity and other governance mechanisms. Although managerial incentives are considered in this study, other mechanism such as block holding or regulations may also impact risk taking. As we seek to understand how corporate governance affects firm value, influenced by both return and risk, this paper aims to identify risk as an outcome variable of interest, particularly in the debate on boardroom gender diversity. 1997! 1998! 1999! 2000! 2001! 2002! 2003! 2004! 2005! 2006! 2007! 2008! 2009! 2010! 2011! 2012 Table 4 : Determinants of gender in director appointments Columns 1-2 report OLS regression of the proportion of female directors on risk measures and control variables. Columns 3-4 report Probit regressions of the director appointment process. F Appointed is a dummy variable which is equal to one when there is at least one female director appointed to the board in that firm-year. Within-cluster heteroskedasticity and serial correlation robust standard errors are reported in parentheses. All specifications include industry (based on two-digit NAICS code) and year fixed e↵ects. Intercepts not reported. ⇤ p < 0.10, ⇤⇤ p < 0.05, ⇤⇤⇤ p < 0.01. %FemaleDir F Appointed
Ln ( results from Arellano-Bover/Blundell-Bond Dynamic Panel GMM estimation of risk measures on the proportion of female directors on board and other control variables. Lag 1-2 of the dependent variables are included in all models. All independent variables are treated as endogenous except the year dummy variables. Lags 3-4 of the dependent variables and lags 2-3 of the independent variables are used as instrument variables. AR(1) and AR(2) are test statistics for the null hypothesis that there is no serial correlation of order 1 and 2 in the residuals of the di↵erenced equations. The null hypothesis for the Hansen test is that all instruments are exogenous. Intercepts not reported. ⇤ p < 0.10, ⇤⇤ p < 0.05, ⇤⇤⇤ p < 0.01. This table reports the e↵ect of female director appointment (FemaleAppointed) on risk measures using the Di↵erence-in-Di↵erence Matching Estimator. Treatment firm-years are matched with the control observations in the same industry and year. In addition, their level of TotalAssets must be within 10% of each other (130 out of 180 treatment observations are matched). Post is a dummy variable, which is equal to one in the post-treatment period (when a female director is appointed) and zero otherwise. Within-cluster heteroskedasticity and serial correlation robust standard errors are reported in parentheses. All specifications include industry (based on two-digit NAICS code) and year fixed e↵ects. Intercepts not reported. ⇤ p < 0.10, ⇤⇤ p < 0.05, ⇤⇤⇤ p < 0.01. 
